Perylo [1,12-b,c,d]thiophene S1 (PET) and dinaphtho[2,1-b:1',2'-d]thiophene S2 (T5H) were prepared according to the literature protocols. N-bromosuccinimide (NBS, 99.0%, Aladdin), tetrahydrofuran (THF, 99%, Sinopharm Chemical Reagent Co., Ltd), 4,4'-dimethoxyphenylamine (98%, Zhengzhou Alfa Chemical Co., Ltd.), tris(dibenzylideneacetone)dipalladium (Pd 2 (dba) 3 , 98%, Energy Chemical), sodium tert-butoxide (NaO(t-Bu), 98%, Energy Chemical), 2dicyclohexylphosphino-2',6'-diisopropoxybiphenyl (Ruphos, 95%, Aldrich), toluene (99%, Sinopharm Chemical Reagent Co., Ltd), dichloromethane (99%, Sinopharm Chemical Reagent Co., Ltd), heptane (98%, Aladdin), titanium diisopropoxide bis(acetylacetonate) (TIACA, 75% in isopropanol, Sigma-Aldrich), acetylacetone (ACAC, 99.0%, TCI), acetylacetone (ACAC, 99.0%, TCI), ethanol (99.8%, Aladdin), TiO 2 paste (30NR-D, Greatcell Solar), formamidinium iodide (FAI, 99.0%, Greatcell Solar), methylammonium bromide (MABr, 99.0%, Greatcell Solar), PbI 2 (99.99%, TCI), PbBr 2 (99.99%, TCI), CsI (99.0%, TCI), lithium bis(trifluoromethane)sulfonimide (LiTFSI, 99.0%, Sigma-Aldrich), dimethyl sulfoxide (DMSO, 99.9%, Sigma-Aldrich), N,Ndimethylformamide (DMF, 99.8%, Sigma-Aldrich), 4-tert-butylpyridine (TBP, 96%, Sigma-Aldrich), spiro-OMeTAD (99.8%, Xi'an Polymer Light Technology Corp.), and chlorobenzene (99.8%, Acros Organics) were purchased and used without further purification.
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recorded on an Autolab electrochemical workstation in the dark by applying a 40 mV voltage perturbation over a series of forward bias, with the frequency range from 3 MHz to 1000 Hz. The measured impedance spectra were further fitted using the Z-view software (v2.80, Scribner Associates Inc.). Synthesis of N 3 ,N 3 ,N 10 ,N 10 -tetrakis(4-methoxyphenyl)perylo[1,12-bcd]thiophene-3,10-diamine (PET-OMeDPA). A solution of PET (2.82 g, 10.0 mmol) in dry THF (300 mL) was cooled to 0 o C.
Then a solution of NBS (3.74 g, 21.0 mmol) in dry THF (100 mL) was added dropwise. The reaction was stirred at 0 °C for 30 min, warmed to room temperature, and stirred for another 3 h. A yellow precipitate was formed with the progress of the reaction. The yellow precipitate was filtered and washed with methanol. The orange solid was collected and dried at 100 o C under vacuum. Next, the obtained solid was transferred to a 200 mL one-neck flask without further purification. Subsequently, 4,4'-dimethoxyphenylamine (5.04 g, 22.0 mmol), NaO(t-Bu) (2.30 g, 24 mmol), Pd 2 (dba) 3 (458 mg, 0.5 mmol), Ruphos (467 mg, 1.0 mmol), and toluene (200 mL) were added to the flask. The reaction mixture was refluxed overnight under argon before cooled to room temperature. The mixture was filtered through a silica gel pad to get rid of the inorganic salt. The filtrate was concentrated in vacuo and purified by column chromatography on alumina to afford the title product PET-OMeDPA (5.59 g, 7.6 mmol, 76% yield) as a red solid. Mp 306-307 °C. 1 H NMR (400 MHz, THF-d 8 ) δ = 8.66 (d, J = 7.6 Hz, 2H), 8.06 (d, J = 8.3 Hz, 2H), 7.82 (s, 2H), 7.67 (dd, J = 8.3, 7.6 Hz, 2H), 7.06-6.96 (m, 8H), 6.86-6.73 (m, 8H), 3.73 ppm (s, 12H). 13 C NMR (125 MHz, THF) δ = 156. 3, 144.7, 143.9, 135.2, 131.9, 130.1, 128.3, 127.4, 127.1, 125.0, 124.8, 122.3, 121.9, 115.4, 55.6 ppm. HR-MS (MALDI-TOF) m/z calc. for [M] + : 736.23903, found: 736.23903. Synthesis of N 5 ,N 5 ,N 9 ,N 9 -tetrakis(4-methoxyphenyl)dinaphtho[2,1-b:1',2'-d]thiophene-5,9diamine (T5H-OMeDPA). T5H-OMeDPA was was synthesisd from T5H as a yellow solid in 87% yeild, by use of a similar proceduce for PET-OMeDPA. Mp 296-297 °C. 1 H NMR (400 MHz, THFd 8 ): δ = 8.86 (dd, J = 8.5, 1.2 Hz, 2H), 8.21 (dd, J = 8.4, 1.4 Hz, 2H), 7.61 (s, 2H), 7.48 (ddd, J = 8.4, 6.8, 1.4 Hz, 2H), 7.40 (ddd, J = 8.1, 6.8, 1.2 Hz, 2H), 7.02-6.90 (m, 8H), 6.81-6.76 (m, 8H), 3.72 ppm (s, 12H). 13 C NMR (125 MHz, THF-d 8 ) δ = 156. 6, 145.1, 143.8, 139.7, 132.1, 130.6, 129.9, 127.3, 126.7, 126.2, 125.8, 125.0, 120.3, 115.5, 55.7 was calculated based on the structure from our crystallographic analysis.
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The hole-transfer integral ( ) is defined as the strength of electronic coupling between the highest v occupied molecular orbitals (HOMO) of molecules in dimers of single crystals by equation
where represents the wavefunction and is the Fock operator. The hole-transfer integral was  F calculated with the Gaussian 09 program package at the M06-2X/6-31G(d,p) level of theory. The hole-transfer rate constant ( ) can be described by Marcus-Hush theory [S6] as follows:
where is the hole-transfer integral and is the reorganization energy of hole-transfer. , , and v 
where is the energy of neutral in ion geometry, is the energy of neutral in neutral geometry, 0 E * 0 E is the energy of ion in ion geometry, and is the energy of ion in neutral geometry. The
represents the dimensionality of the single crystal with a value of 3. and are the n We carried out X-ray diffraction measurement of T5H single-crystal in view of incomplete crystallographic data reported in the literature. S11 T5H is geared to orthorhombic space group Pbcn with four molecules in a primitive unit cell ( Table S1 ). As Fig. S4A shows, T5H molecule has a C 2 symmetry axis, and the dihedral angle of two outermost benzene rings is 44.2. A couple of enantiomers (M and P) lie in T5H single-crystal ( Fig. S4B) . Along the crystallographic c axis (Fig. S4C) , enantiomers M and P stack on top of each other in an antiparallel fashion, forming a racemic column. In the ab plane there are two types of columns with different orientations, which can be converted to one another through glide operation. As Fig. S4E presents, the IH17 isohedral tiling which is also classified into [3 6 ] topological class S8 can be used to nicely accommodate T5H molecules in the ab plane. only via H-H interaction with two molecules from columns of different orientations, has the smallest value of 61 meV. We note that for PET and T5H single-crystals, the difference in of int E int E S15 two types of dimer 1 is less than one tenth. However, the value for dimer 1 of T5H is v almost two times reduced, being 118.1 meV, which is associated with the damped HOMO overlap ( Fig. S5I versus Fig. S5O ). The value of dimer 2 with two T5H molecules even v from two columns is also not too small, being 29.3 meV, owing to the considerable HOMO overlap of two terminal benzene rings of T5H (Fig. S5J) . However, the values for dimer 3 v and dimer 4 are less than 3 meV. The hole-transfer value of 174 meV for T5H (Table S5)  is larger than that of 141 meV for PET, which could be understood by structural relaxation to a greater extent. We further calculated the theoretical hole mobility of T5H crystal as 1.7 cm 2 V 1 s 1 . The experimental filed-effect mobility of T5H single-crystal was reported to be 0.15 cm 2 V 1 s 1 by Takeya et al. S11 
